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AUTOMATIC BATHROOM FLUSHERS WITH MODULAR DESIGN 



This application claims priority from US Provisional application 
60/448,995, filed on February 20, 2003, which is incorporated by reference. 
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Field of the Invention 

The present inventions are directed to automatic bathroom flushers having 
modular design and methods of operating and servicing such flushers. The 
present inventions are also directed to a novel flusher cover enabling easy 
10 servicing and adjustments and optional optimal operation. 

BACKGROUND OF THE INVENTION 

Automatic bathroom flushers have become increasingly prevalent, 
particularly in public restrooms, both for flushing toilets and urinals. Such 

15 flushers contribute to hygiene, facility cleanliness and water conservation. 

There are several types of tankless bathroom flushers on the market 
including flushers supplied by Sloan Valve Company, for example, sold as 
ROYAL® or GEM® flush valves. ROYAL® flush valves may be manually 
operated, or automatically operated using OPTIMA® controllers and infrared 

20 sensors. In general, bathroom flushers receive a pressurized water supply at an 
input and provide flush water at an output during a flush cycle. The flush cycle 
provides a predetermined amount of water (depending on the external water 
pressure) even though there is no water tank. 

In manual flushers, users initiate a flushing cycle by displacing a handle 

25 that controls a flushing mechanism including a piston or a flexible diaphragm. 
The handle movement causes a water leak from a control or pilot chamber to the 
flusher's output, which lowers pressure in the pilot chamber. Due to the lower 
pressure, the external water pressure lifts the flusher's piston or diaphragm from 
a valve seat thereby enabling water flow. The stroke of the piston or diaphragm 

30 controls the volume of water passing through the flush valve. After some time, 
the pressure in the pilot chamber increases (through a control passage) forcing 
the piston or diaphragm onto the valve seat and thus terminating the water flow. 
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In automatic flushers, an object sensor initiates the flushing cycle, where 
an actuator opens a relief passage enabling water flow from the pilot chamber to 
the flusher's output. This flow lowers pressure in the pilot chamber. Due to the 
lower pressure, as mentioned above, the external pressure lifts the flusher's 
5 piston or diaphragm from a valve seat thereby enabling main water flow used for 
flushing. After the actuator seals the relief passage, the pressure in the pilot 
chamber increases forcing the piston or diaphragm onto the valve seat and thus 
closing the water flow. Manual flush valves (e.g., ROYAL® flush valves) may be 
converted into automatically operated valves using a controller and sensor unit, 
10 sold under the name OPTIMA® by Sloan Valve Company. Overall, the flush 
valves supplied by Sloan Valve Company are durable, highly reliable, and 
suitable for long-term operation. 

There is, however, a need for improved automatic flushers due to a high 
demand for flushers and their need in thousands of restrooms. 

15 

SUMMARY OF THE INVENTION 

The described inventions are directed to automatic bathroom flushers 
having modular design, and methods for operating and servicing such flushers. 
The present inventions are also directed to a novel flusher cover enabling easy 

20 servicing and adjustments and optional optimal operation. 

According to one aspect, the present invention is a bathroom flusher. The 
bathroom flusher includes a flusher body, a valve assembly, an electronic control 
system, and a flusher cover. The flusher body includes an inlet and an outlet, 
and is designed to accommodate the valve assembly that controls water flow 

25 between the inlet and the outlet. The valve assembly includes a valve member 
movable with respect to a valve seat providing a sealing action based on applied 
pressure on the valve assembly. 

According to another aspect, an automatic toilet room flush valve includes 
a valve body having an inlet and an outlet, and a valve seat inside the body. The 

30 flush valve also includes a valve member (i.e., a flush valve mechanism) and an 
external cover. The valve member is cooperatively arranged with the valve seat, 
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wherein the valve member is constructed and arranged to control water flow 
between the inlet and the outlet. The movement of the valve member between 
open and closed positions is controlled by water pressure inside a pilot chamber. 
The external cover is designed for enclosing an electronic control module 
5 comprising a battery, a sensor, and an actuator for controlling operation of the 
flush valve, wherein the external cover includes at least two cover parts 
separately removable, and the external cover is attachable with respect to the 
valve body in a manner also allowing removable attachment of the control 
module. 

10 Preferred embodiments of the above aspects include one or more of the 

following features: The external cover includes main cover body, a front cover 
and a top cover. The front cover includes an optical window, wherein the sensor 
is an optical sensor geometrically aligned with the optical window. The main 
cover body provides overall rigidity to the external cover. The individual cover 

15 parts of the external cover enable separate servicing and replacement of the 
cover parts. 

The sensor may be an optical sensor and the sensor window is an optical 
window. Alternatively, the sensor includes an ultrasonic sensor or a heat sensor 
designed to detect body heat. Alternatively, the sensor is a near-infrared sensor 
20 that detects optical radiation in the range of about 800 nm to about 1500 nm. 
Alternatively, the sensor is a presence sensor. Alternatively, the sensor is a 
motion sensor. 

The top cover is removable while maintaining the front cover, including a 
sensor window located in place with respect to the main cover body. The flush 
25 valve is further constructed to adjust detection sensitivity of the sensor while 
maintaining the optical window located on the main cover body. 

The top cover may include at least one side surface designed for 
facilitating removal of the top cover. The top cover is attached with respect to the 
valve body using at least one screw, wherein tightening of the at least one screw 
30 attaches the main cover body, the front cover, and the top cover to a pilot cap 
defining the pilot chamber and attached to the valve body. 
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The external cover may include a vent passage for venting water from 
inside the external cover. The top cover includes a button constructed to move 
between upper and lower positions and designed for manually triggering a flush 
cycle when pushed to the lower position. The movable button includes a magnet 
5 co-operatively arranged with a reed sensor capable of providing a signal to a 
microcontroller. 

The flush valve further includes a removable element (such as a plastic 
strip, a pin, or a tape) designed for shipping and storage, wherein the removable 
element is positioned to retain the button in the lower position when assembling 

10 the top cover. 

The flush valve may include a piston, or a flexible diaphragm. The flexible 
diaphragm includes a centrally located passage connecting the relief passage 
and the outlet, wherein the flexible diaphragm is retained with respect to the 
valve body by a pressure cap defining the pilot chamber. The flush valve may 

15 include a bypass orifice in the diaphragm connecting the inlet with the pressure 
chamber, the orifice having a cross section area smaller than that of the 
passage. 

According to yet another aspect, in an automatic toilet flush valve 
including a body having an inlet, an outlet, and a valve assembly in the body 

20 constructed and arranged to open and close water flow from the inlet to the outlet 
upon actuation signals provided by an electronic system to an actuator. The 
automatic flush valve includes a pressure cap defining a pilot chamber in 
communication with the output via a relief passage controlled by the actuator 
receiving drive signals from the electronic system. An external cover is mounted 

25 next to the pressure cap and is constructed to provide housing for the electronic 
system. The cover includes an external flow passage for water flow from inside 
to outside of the cover. 

According to yet another aspect, in an automatic toilet flush valve 
including a body having an inlet and an outlet, there is a valve assembly located 

30 in the body and constructed and arranged to open and close water flow from the 
inlet to the outlet upon actuation signals provided by an electronic system to an 
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actuator. The automatic flush valve includes a pressure cap defining a pilot 
chamber in communication with the output via a relief passage controlled by the 
actuator. The automatic flush valve also includes a sensor, as part of the 
electronic system, constructed to detect a user located in front of the flush valve 
5 and designed to provide control signals to the electronic system, the electronic 
system being constructed to provide drive signals to the actuator. An external 
cover is mounted above the pressure cap and is constructed to provide housing 
for the electronic system. The external cover is designed cooperatively with the 
electronic system to enable sensitivity adjustment of the sensor without removal 
10 of the cover's sensor window. 

Preferred embodiments of the above aspects include one or more of the 
following features: The sensor includes an infrared sensor or an ultrasonic 
sensor or a heat sensor. The sensor includes a presence sensor or a motion 
sensor. 

15 The cover is mounted above the pressure cap. The valve assembly 

includes a flexible diaphragm fixed relative to the pressure cap, wherein the valve 
assembly includes a vent passage in the flexible diaphragm in communication 
with the pilot chamber, being controllably sealable by the actuator. 

The vent passage includes a flexible member extending between a pilot 

20 chamber cap and the vent passage in the flexible diaphragm, wherein the flexible 
member includes a seal remaining stationary during movement of the flexible 
diaphragm between open and closed positions of the flush valve. The flexible 
member is a hollow tube. The hollow tube may include a spring positioned 
therein. The spring may be a coiled wire. 

25 The actuator may be an isolated actuator. The valve assembly may 

include a filter for filtering water passing toward the actuator. The filter may be 
attached to the flexible diaphragm. 

According to yet another aspect, a method for converting a manually 
operated flush valve to an automatic flush valve includes providing a manually 

30 operated flush valve including a flush valve mechanism located within a valve 
body constructed and arranged to control water flow between a water inlet and a 
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water outlet, a manual handle mechanically coupled to the valve mechanism and 
constructed to operate the valve mechanism upon pivotable displacement. The 
method also includes closing an external water supply to the valve body, 
removing the manual handle and sealing a manual handle port, and removing an 
5 external cover above the valve body, wherein the external cover retained the 
flush valve mechanism. Then, the method includes attaching to the body an 
external cover that includes at least two separately removable cover parts, where 
the external cover is attachable to the valve body by attaching the removable 
control module and opening the external water supply to enable water flow to the 
10 valve body. 

Preferably, the method includes subsequently adjusting the sensitivity of 
the sensor while maintaining the optical window of the cover in place, as 
designed for standard operation. 

According to yet another aspect, a method for servicing an automatic toilet 

15 room flush valve includes providing an automatic toilet room flush valve including 
a valve body having an inlet and an outlet; a valve seat inside the body; a valve 
member cooperatively arranged with the valve seat, the valve member being 
constructed and arranged to control water flow between the inlet and the outlet, 
movement of the valve member between open and closed positions being 

20 controlled by water pressure inside a pilot chamber; and an external cover 
designed for enclosing a battery, a sensor and an actuator for controlling 
operation of the flush valve. The servicing method then includes removing a 
portion of the external cover while maintaining in place a sensor window included 
in the external cover, wherein the sensor window is cooperatively arranged with 

25 the sensor and adjusting sensitivity of the sensor while maintaining the sensor 
window in place as designed for regular operation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an automatic bathroom flusher used for 
flushing a toilet or a urinal. 
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Figs. 1 A and 1 B are a front view and a top view of tlie bathroom f lusher 
shown in Fig. 1, respectively. 

Fig. 2 is a perspective view of the bathroom flusher shown in Fig. 1, 
having a flusher cover removed. 
5 Fig. 2A is a perspective exploded view of the flusher cover shown in Fig. 

2. 

Figs. 3 and 3A are cross-sectional views of the flusher mainly illustrating 
an electronic control module and a solenoid actuator located inside of the flusher 

cover. 

10 Fig. 4 is a perspective view of a main body of the flusher cover shown in 

Fig. 2A. 

Fig. 4A is a perspective, upside down view of the main body shown in Fig. 

4. 

Fig. 4B is a side view of the main body shown in Fig. 4. 
15 Fig. 4C is a perspective view of another embodiment of the cover main 

body shown in Fig. 4. 

Figs. 5 and 5A are a front view and a perspective inside view of a front 
cover removed from the flusher cover, respectively, as shown in Fig. 2A. 

Fig. 6 is a perspective view of a top cover without a button shown in Fig. 

20 2A. 

Fig. 6A is a perspective view of a button retainer cooperatively designed to 
receive the button that is included in the top cover shown in Fig. 6. 

Fig. 7 is a perspective view of an alignment plate designed to receive the 
electronic control module shown in Fig. 2. 
25 Fig. 7A is a bottom view of the alignment plate shown in Fig. 7. 

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

Fig. 1 is a perspective view of an automatic bathroom flusher for flushing 
toilets or urinals. An automatic bathroom flusher 10 includes a flusher body 12 
30 coupled to a water supply line 14 and also coupled to a water output line 16 
providing output to the connected toilet or urinal. Bathroom flusher body 12 is 



also coupled to a manual port 18, which is used for manual embodiments only. 
The manual embodiments are described in U.S. Patents 3,778,023; 5,881,993; 
5,295,655, all of which are incorporated by reference for explanation and better 
understanding, but are not part of the present invention. The manual flush valves 
5 may be converted to automatic flushers using the modules described below. In 
the automatic flusher design, manual port 18 is closed off using a cap 19 coupled 
to port 18 using a lock ring 17. Figs. 1A and 1B are the respective front and top 
views of bathroom flusher 10 assembled for operation. 

Automatic bathroom flusher 10 also includes an external flusher cover 20 

10 enclosing electronic control module 25, shown in Fig. 2. External flusher cover 
20 is preferably a dome-like outer cover specifically designed for protection and 
easy servicing of control module 25. Flusher cover 20 also includes a manual 
override button 156 used to override the flusher's sensor (e.g., an optical sensor, 
an ultrasonic sensor, a capacitive sensor, a heat sensor or a passive near 

15 Infrared sensor). Furthermore, flusher cover 20 is designed to protect control 
module 25 in case of water leaks, as described below. 

As shown in Figs. 2 and 2A, flusher cover 20 includes a main cover body 
100, a front cover 130, and a top cover 150. The entire flusher cover 20 is 
secured in place with respect to the flusher body using an attachment ring 22 

20 connecting a pilot cap 34 to flusher body 12 (Fig. 3). Electronic control module 
25 is positioned onto an alignment plate 28, which defines the module's position 
and orientation with respect to the front of the flusher. Electronic control module 
25 includes electronic elements that control the entire operation of flusher 10, 
including a sensor and a microcontroller for execution of a detection and flushing 

25 algorithm. The microcontroller provides signals to a solenoid driver that in turn 
provides drive signals to a solenoid actuator 40 (Fig. 3). Solenoid actuator 40 
controls the operation of the flush valve assembly that opens and closes water 
flow from input 14 to output 16. The following description describes this in more 
detail. 

30 Figs. 3 and 3A are cross-sectional views illustrating flusher 10 including 

electronic control module 25 and solenoid actuator 40, all located inside of 
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external cover 20 (Fig. 2). Figs. 3 and 3A also partially Illustrate the top part of 
flusher body 12 designed to receive the flush valve assembly including a flexible 
diaphragm 50, and a diaphragm feed-though assembly (which is described, for 
example, in U.S. Patents 6,382,586 and 5,244,1 79 both of which are 
Incorporated by reference). Electronic control module 25 includes a plastic 
housing 26 for enclosing batteries, electronic circuitry and a sensor. Preferably, 
the sensor is an optical sensor that has a light source (i.e., a transmitter) and/or a 
light detector (i.e., a receiver) operating in the visible to infrared range. 
Altematively, the sensor is an ultrasonic sensor or an infrared body heat detector. 

Referring still to Figs. 3 and 3A, the flushing assembly includes pressure 
cap (pilot chamber cap) 34, flexible diaphragm 50, and a pressure relief 
assembly coupled to solenoid actuator 40. Flexible diaphragm 50 separates an 
annular entrance chamber 30 from pilot chamber 35, both being located within 
valve body 12, wherein a bleed passage 52 provides communication between 
the two chambers. The pressure relief assembly includes a piloting button 38 
coupled to an input passage 37 and an output passage 39 located inside a top 
part 36 of pilot cap 34. 

As described in the PCT application PCT/US02/38758, which is 
incorporated by reference, piloting button 38 is screwed onto the distal part of 
actuator 40 to create a valve. Specifically, the plunger of actuator 40 acts onto 
the valve seat inside piloting button 38 to control water flow between passages 
37 and 43. This arrangement provides a reproducible and easily sen/iceable 
closure for this solenoid valve. Co-operatively designed with piloting button 38 
and actuator 40, there are several 0-rings that provide tight water seals and 
prevent pressurized water from entering the interior of cover 20. The 0-rings 
also seal piloting button 38 within the chamber inside the top part 36 and prevent 
any leakage through this chamber into the bore where actuator 40 is partially 
located. It is important to note that these seals are not under compression. The 
seat member precisely controls the stroke of the solenoid plunger as mentioned 
above. It is desirable to keep this stroke short to minimize the solenoid power 
requirements. 
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Inside cover 20, electronic control module 25 is positioned on alignment 
plate 28, which in tum is located in contact with pilot chamber cap 34. Plate 28 
includes an opening 201 (Figs. 7 and 7A) designed to accommodate top part 36 
of pilot cap 34. Electronic control module 25 includes two circuit boards with 
5 control electronics (including preamplifiers and amplifiers for operating the 

above-mentioned optical sensor), a solenoid driver, and batteries 82A, 82B, 82C 
and 82D, all of which are located inside plastic housing 26. The light source 
associated with electronic control module 25 is coupled to an output lens 70 
providing light path for the emitted light. A receiver lens 72 focuses received light 

10 onto a light detector also located inside plastic housing 26. The operation of the 
light source and detector and the entire control electronics is described in the 
PCT application PCT/US02/38758. Another embodiment of the optical sensor is 
described in U.S. Patent 6,212,697, which is incorporated by reference. 
Referring still to Figs. 3 and 3A, supply line 14 communicates with 

1 5 entrance chamber 30 defined by valve body 1 2 and a chamber wall 48 formed 
near the upper end of flush output 16. Flexible diaphragm 50 is seated on a 
main valve seat 56 formed by the mouth of flush output 16, and has a circularly- 
shaped outer edge 54 located in contact with the periphery of pilot chamber 
cap 34. Retaining ring 22 clamps pilot chamber cap 34 at its periphery 32 with 

20 respect to flusher body 12, wherein outer edge 54 of diaphragm 50 is also 
clamped between periphery 32 and flusher body 12. 

In the open state, the water supply pressure is larger in entrance 
chamber 30 than water pressure in pilot chamber 35, thereby unseating the 
flexible diaphragm 50. When flexible diaphragm 50 is lifted off from seat 56, 

25 supply water flows from supply line 14, through the entrance chamber 30 by 

valve seat 56 into flush conduit 16. In the closed state, the water pressure is the 
same in entrance chamber 30 and in pilot chamber 35 since the pressure is 
equalized via bleed hole 52. The pressure equalization occurs when went 
passage 37 is closed by the plunger of solenoid actuator 40. Then, water 

30 pressure in the upper, pilot chamber 35 acts on a larger surface and thus exerts 
greater force on diaphragm 50 from above than the same pressure within 
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entrance chamber 30, which acts on a smaller, lower surface of diaphragm 50. 
Therefore, diaphragm 50 ordinarily remains seated on seat 56 (when passage 37 
is closed for some time and the pressure equalization occurs). 

To flush the toilet, solenoid-operated actuator 40 relieves the pressure in 
5 pilot chamber 35 by permitting fluid flow between pilot entrance passage 37 and 
exit passage 43. The time it takes for the chamber to refill is determined by the 
stroke of the diaphragm. Furthermore, actuator 40 controls the pressure release 
time (i.e., time for venting pilot chamber 35), which in turn determines the time 
during which the flush valve is open for water to pass. Both actuator 40 and the 

10 stroke of the diaphragm assembly control the duration of the flush (for a selected 
size of bleed passage 52) and thus, the volume of water passing through the 
flush valve. In many regions with a limited water supply, it is very important to 
closely control the volume of water that passes through the flush valve each time 
the flusher is operated. Various governments have passed different regulations 

15 defining what water flow is permitted through a flush valve in commercial 
washrooms. A novel design of the actuator and the control electronics can 
deliver a relatively precise amount of flush water, as described in PCT 
applications PCT/US02/38758 or PCT/US02/41576, both of which are 
incorporated by reference. 

20 The design of actuator 40 and actuator button 38 is important for 

reproducible, long-term operation of flusher 10. Actuator 40 may have its plunger 
directly acting onto the seat of actuator button 38, forming a non-isolated design 
where water comes in direct contact with the moving armature of the solenoid 
actuator. This embodiment is described in U.S. Patent 6,293,516 or U.S. Patent 

25 6,305,662, both of which are incorporated by reference. Alternatively, actuator 
40 may have its plunger enclosed by a membrane acting as a barrier for external 
water that does not come in direct contact with the armature (and the linearly 
movable amiature is enclosed in armature fluid. In this isolated actuator 
embodiment, the membrane is forced onto the seat of actuator button 38, in the 

30 closed position. This isolated actuator, including button 38 is described in detail 
in PCT application PCT/US 01/51098, which is incorporated by reference. 
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In general, solenoid actuator 40 includes a bobbin having magnetically 
wound electrical windings, and an armature linearly movable within the bobbin. 
The latching versions of the actuator include a ferromagnetic pole 
piece magnetically coupled to a permanent magnet acting against an armature 
5 spring. The permanent magnet is arranged for latching the amnature in the open 
state. The armature spring maintains the armature in the extended position (i.e., 
the closed position with the plunger preventing flow through passage 37). To 
flush the toilet, the microcontroller provides a control signal to a drive circuit that 
provides current to the solenoid windings of actuator 40. The drive current 

10 generates a magnetic field that tends to concentrate in a flux path in the 

ferromagnetic armature and the pole pieces as described in the PCT Application 
PCT/US01/51098. The latching actuator (i.e., bistable actuator) requires no 
current to keep the valve open. 

In the non-latching versions, there is no permanent magnet to hold the 

15 armature in the open position, so a drive current must continue to flow if the pilot 
valve is to remain open (i.e., the drive current is needed to hold the plunger away 
from the pilot seat allowing flow through passage 37). The pilot valve can be 
closed again by simply removing the current drive. To close the pilot valve in the 
latching actuator, on the other hand, current must be driven through the windings 

20 in the reverse direction so that the resultant magnetic field counters the 

permanent-magnet field that the actuator experiences. This allows the armature 
spring to re-seat the plunger of actuator 40 in a position in which the spring force 
is again greater than the magnetic force. Then, the actuator will remain in the 
pilot-valve-closed position when current drive is thereafter removed. 

25 

Referring again to Fig. 2A, external cover 20 is designed for optimal 
operation and easy servicing of automatic flusher 10. Main cover body 100 
provides overall protection and rigidity. Front cover 130 and top cover 150 have 
complementary shapes with main body 100 to form a dome-like structure and to 
30 enable easy disassembly (as shown in Fig. 2A by the exploded view). The main 
body 100, front cover 130 and top cover 150 fit together like a simple three- 



dimensional puzzle. In a preferred embodiment, these elements have surfaces 
arranged to provide a tight water seal. As also shown in Fig. 2A, screws 160A 
and 160B hold in place top cover 150 by tightening against the respective 
cooperating threads 30A and SOB located in pilot cap 34. Screws 160A and 
5 1608 include respective heads 163A and 1638 (Fig. 3A) optionally designed for 
a unique, custom made wrench (or a screw driver head) that prevents 
unauthorized removal. This arrangement holds in place and attaches together 
main cover 100 with front cover 130 and top cover 150, which are all coupled to 
the pilot chamber cover 34. This arrangement also holds control module 25 and 

10 plate 28 in place with respect to pilot cap 34, which in turn is attached to flusher 
body 12 by a retaining ring 22. 

Figs. 4 and 4A are perspective views of main cover body 100. Main body 
100 includes a side and rear surface 102 (which has an approximately cylindrical 
shape), a top surface 104, and an elliptical abutting surface 106 cooperatively 

15 arranged with surface 142 of front cover 130 shown in Fig. 5A. Main body 100 
also includes an upper side abutting surface 107 cooperatively arranged with the 
corresponding surface of top cover 150 shown in Fig. 2A. Main body 100 also 
includes holes 1 12A and 1128 cooperatively arranged with the respective screw 
guides 1 14A and 1 148 for screws 160A and 1608 (Fig. 2A) extending from top 

20 cover 1 50 to the respective threaded holes 30A and 308 in pilot cover 34 (Fig. 
3A). To attach front cover 130 to main body 100, main body 100 includes slots 
11 OA and 1108 cooperatively arranged with lip surfaces 138A and 1388 located 
on the inner side of front cover 130. The rectangular lip surfaces 138A and 1388 
uniquely define the relative position of main body 100 and front cover 130 and 

25 provide relative rigidity. 

Still referring to Figs. 4 and 4A, main body 100 includes a divider element 
118 dividing light sensor opening 120 into two parts. The outer side of divider 
118 Includes a light barrier 119, which prevents cross-talk between source lens 
70 and receiver lens 72. The top Inner surface 1 16 of main body 1 00 is 

30 cooperatively arranged with structural alignment elements 140 located on the 
inside of front cover 130 (Fig. 5A). When assembled, opening 120 is 
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cooperatively arranged with an optical window 132 included in the front surface 
of front cover 130. 

As mentioned above, the optical sensor includes a light source that emits 
infrared radiation focused by lens 70 through optical window 1 32. If there is an 
5 object nearby, a portion of the emitted radiation is reflected bacl< toward optical 
window 132. Lens 72 collects and provides a portion of the reflected radiation to 
the receiver. The receiver provides the corresponding signal to the 
microcontroller that controls the entire operation of the flush valve. 

Fig. 4C shows another embodiment of external cover 20 having a main 

10 cover body 100A designed for use with front cover 1 30 and top cover 150. Main 
cover body 100A has a modified opening 120A used, for example, for an infrared 
sensor. The infrared sensor is an optical sensor that does not include a light 
source, but only an infrared detector that senses body heat through optical 
window 132. Since, in this embodiment, there is no light source, there is no need 

15 for divider element 1 1 8, which prevents cross-talk between the emitted and 
detected radiation in the embodiment of Fig. 4A. 

Importantly, the material of dome cover 20 is selected to provide 
protection for electronic control module 25 and actuator 40. Cover 20 is formed 
of a plastic that is durable and is highly resistant to the chemicals frequently used 

20 in washrooms for cleaning purposes. The materials are also highly impact 
resistant (depending on the type of installation, i.e., public or private) so as to 
resist attempts of vandalism. Furthermore, flusher cover 20 is designed to 
replace main cover body 1 00, front cover 1 30, or a top cover 1 50 in cases of 
vandalism without closing the water supply or removing electronic control module 

25 25. Furthennore, electronic control module 25 may be replaced without closing 
the water supply. 

Main body 100 can alternatively be made of a non-corrosive metal 
(instead of plastic), while front cover 130 or top cover 150 are still made of 
plastic. It has been found that polysulfone is a highly desirable plastic material 

30 for this purpose. Front cover 1 30 includes window 1 32 and can also be made of 
a polysulfone plastic that does not impede or interfere with the transmission of 
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infrared signals from the sensor. Preferably, window 132 masks or obscures the 
interior elements in flush valve 10. Preferably, a pigment is added to the 
polysulfone so that approximately 70 percent of visible light at all wavelengths 
will pass through window 132 and approximately 30 percent will be impeded. A 
5 pigment made by Amoco bearing spec number BK1 61 5 provides a dark (not 
quite-black), deep lavender window 132, which obscures the interior 
components, but yet penults transmission of a very substantial portion of light at 
the used wavelengths. Window 132 is usually made of the same material as 
other portions of front cover 130, but may be more highly polished in contrast 
1 0 with the somewhat matte finish of the remaining portions of front cover 130. In 
general, window 132 is made of material suitable for the selected type of the 
flusher sensor. 

Referring to Figs. 4 and 5, main body 100 is shaped to provide most of the 
enclosure function of cover 20 including structural support for front cover 130 and 

1 5 top cover 1 50. Front cover 1 30 includes optical sensor window 1 32, a wall 
member 134, top region 136 and lips or slides 138A and 138B comparatively 
arranged with grooves 1 10A and 1 10B, which are located in the main body 100. 
After front cover 130 is attached to main body 100 using the lips or slides 138A 
and 138B, top cover 150 is placed on the top surface 1 16 of main body 100. 

20 Refenring also to Fig. 6, top cover 150 includes a curved top surface 158 
cooperatively arranged with a button retainer 170 (Fig. 6A) and a button 156 
inside hole 162. Top cover 150 also includes side surfaces 154A and 154B, 
which are functionally important for lifting top cover 1 50 (after loosening screws 
160A and 160B) without any tools. 

25 Referring to Fig. 7 and 7A, alignment plate 28 includes front alignment 

posts 204A and 204B, rear alignment posts 206A and 206B, screw holes 208A 
and 208B, a communication opening 201, and a vent passage 210. Vent 
passage 210 is cooperatively designed with water passage 128 (Fig. 4B) located 
in the rear of main body 100. In the case of an unlikely malfunction, there may 

30 be a water leak, (for example, between passages 37 and 43) which could create 
water flow into cover 20. Water passage 128 prevents water accumulation inside 
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the flusher cover 20 and thus prevents flooding and possible damage to 
electronic module 25. Water passage 128, however, does not allow significant 
water flow from outside to inside of cover 20 (e.g., from the top or the side of 
cover 20 during cleaning). This is achieved by the shaped surface of passage 
5 128 and the cooperatively designed passage 201 . According to another 

embodiment, cover 20 is designed to withstand high pressure cleaning, while still 
providing vent passage 128. 

Referring again to Figs. 6 and 6A, top cover 150 includes main button 
opening 162, a button insert guide 170 (shown enlarged in Fig. 6A), and two 

10 screw holes 164A and 164B. Top cover 150 also includes a top surface 152, two 
side surfaces 154A and 154B, and a raised surface 158 leading toward an 
opening 162 for top button 156. Top cover 150 also includes inner alignment 
surfaces 166 and 168 cooperatively arranged with surfaces 176, 178, 178A and 
178B, located on button guide 170. Button insert guide 170 is constructed and 

1 5 arranged to provide a unifomn movement of top button 1 56, which displaces 
vertically a magnet located inside a cylindrical region 180. 

Top cover 150 is designed for accommodating a manual flush and saving 
batteries (and other electronic elements) during shipping and storage. The 
manual flush is performed by pressing on top button 156. The saving mode is 

20 achieved by holding down top button 156 in the depressed position using a 

shipping and storage strip 155, as described below. Top button 156 is designed 
cooperatively with button insert guide 170. Button insert guide 170 includes 
cylindrical region 180 designed for a magnet 181 that is displaced up and down 
by the movement of button 156. Magnet 181 is cooperatively arranged with a 

25 reed sensor 95 located inside electronic control module 25. 

When depressing button 156, reed sensor 95 registers magnet 181 and 
provides a signal to the microcontroller that in turn initiates a flush cycle, as 
described in PCT Application PCT/US02/38758, which is incorporated by 
reference. Upon releasing button 156, button spring 190 (Figs. 3 and 3A) pushes 

30 button 1 56 to its upper position, and thereby also displaces magnet 181 . in the 
upper position, magnet 181 is no longer sensed by reed sensor 95 (Fig. 3A). 



The uniform linear movement of button 156 is achieved by using a bail wire 192 
in cooperation with spring 190 (Fig. 3A). 

Importantly, cover 20 is designed to service automatic flusher 10 without 
disconnecting the water supply provided via input line 14, or removing retaining 
5 ring 22. Top cover 156 can be removed by loosening screws 160A and 160B 
and lifting top cover 150, as shown in Fig. 2A. Upon lifting top cover 150, front 
cover 130 may be removed by a sliding upward motion facilitated by grooves 
11 OA and 11 OB in main body 100. Furthermore, upon removing screws 160A 
and 1608, the entire cover 20 can be lifted and electronic control module 25 can 

10 be accessed. This enables servicing or replacing electronic control module 25 
while actuator 40 still remains in place and provides a seal to the external water 
supply. For example, batteries 82A, 828, 82C, and 82D may be replaced by 
removing a screw 80 and a back cover 81 (Fig. 3) to slide the batteries out of 
body 26 (Fig. 2). After the batteries are replaced, cover 81 is attached back to 

15 cover 26 and screw 80 is tightened. Thus, the batteries may be replaced by 
untrained personnel without any need to call a plumber and closing the external 
water supply. 

Importantly, external cover 20 is designed to adjust the sensitivity of the 
optical sensor while keeping optical window 132 in place. Specifically, after 

20 removing screws 160A and 1608 the top cover 150 may be removed by holding 
side surfaces 154A and 1548. The side surfaces 154A and 1548 are designed 
and arranged for easy removal by fingers of untrained personnel without any 
need of using a specialized tool. After lifting top cover 150, the top opening in 
main body 100 provides an access port to an adjustment screw 90 (Fig. 3). 

25 Adjustment screw 90 is coupled to an element on a circuit board 92. 

A person adjusting the sensitivity of the optical sensor removes top cover 
150 and also removes a seal cover 88 located on the top of controller housing 
26. Below seal cover 88, there is the head of screw 90, which can be turned in 
the positive or negative direction to increase or decrease sensitivity of the optical 

30 sensor while maintaining front cover 130 and optical window 132 in place. 
Specifically, according to a preferred embodiment, screw 90 adjusts the 



resistance value of a current limiting resistor that is connected to the light source. 
By turning in the positive direction the resistance decreases and the light source 
receives a higher drive current to increase the emitted light intensity. Thus, the 
sensitivity of the optical sensor (or an infrared sensor or an ultrasonic sensor) is 
5 adjusted under the actual conditions of operation. After the adjustment, seal 
cover 88 is pushed back onto housing 26 to provide a seal, and top cover 150 is 
again attached to main cover 100 using screws 160A and 160B. 

Importantly, top cover 150 also includes shipping and storage strip 155 
(Fig. 2), which is used to maintain a "sleep" mode. Plastic strip 155 is placed and 

10 assembled together with button 1 56 to act against the spring action of spring 190 
and hold button 156 in the depressed position. While keeping button 156 in the 
depressed position, magnet 181 is being sensed by reed sensor 95, which in turn 
provides a signal to the microcontroller. Upon receiving a continuous signal from 
the reed sensor over several seconds, the microcontroller is programmed to 

15 disable the function of all optical and electronic elements and put them into the 
"sleep" mode. Therefore, having plastic strip 155 in place, puts the entire 
electronics of control module 25 into the "sleep" mode and saves batteries. This 
is used during storage and shipping. Plastic strip 155 is removed by pulling it off 
upon installation, which enables movement of button 156 and thus enables 

20 manual flush actuation. 

The above-described electronic control module is designed for easy and 
time-efficient conversion of manual flush valves (such as ROYAL® flush valves). 
The entire conversion process takes only few minutes. After the water supply is 
closed, the manual handle is removed, and lock ring 17 with cover 19 is placed 

25 onto manual port 18 (Fig. 2). Then, the original top cover is removed from the 
manual flusher body. Depending on the model of the manual flusher, the flush 
valve assembly, including the flexible diaphragm, may also be replaced with 
diaphragm 50 (and the flushing insert for venting the pilot chamber). Then, the 
entire cover 20, including electronic control module 25 attached to pilot cap 34 

30 are screwed onto the body 12 using retaining ring 22 acting on threads 23. 



Next, plastic strip 155 is removed by pulling action, which causes button 
156 to pop up and move magnet 181 into the upper position. Therefore, reed 
sensor 95 no longer registers magnet 181, and the microcontroller provides a 
wake-up signal to the individual elements. The water supply can be opened and 
5 automatic f lusher 10 is ready for operation. As described above, the sensitivity of 
the optical sensor may be adjusted by removing top cover 1 50 and changing the 
power of the source or the sensitivity of the detector while keeping optical 
window 132 in place. 

As described above, the batteries in control module 25 may be replaced 

10 without closing the external water supply. Furthermore, the entire control module 
25 may be removed and replaced without closing the external water supply. The 
removed control module 25 can be sent to the factory for refurbishing, which can 
even be done by untrained personnel. Furthermore, after closing the external 
water supply, actuator 40 with piloting button 38 may be unscrewed from pilot 

15 cap 34. A new actuator and piloting button may be screwed in. The design of 
actuator 40 and piloting button 38 provide a reproducible geometry for the 
plunger-seat arrangement. Thus, this design provides a reliable and easily 
serviceable pilot valve. 

According to another embodiment, the flush valve assembly includes a 

20 piston valve described in detail in U.S. Patent 5,881,993, which is incorporated 
by reference. The above-described cover and control unit are also applicable for 
the piston valve design. Furthermore, the above-described cover and control unit 
may also be used as a conversion kit for converting manual flushers or utilizing 
piston valves to automatic flushers using the above-described conversion 

25 method. 

While the invention has been described with reference to the above 
embodiments, the present invention is by no means limited to the particular 
constructions described above and/or shown in the drawings. The present 
invention also comprises any modifications or equivalents within the scope of the 
30 following claims. 



